Quantum effects of radiation pressure are expected to limit the sensitivity of second-generation gravitational-wave interferometers. Though ubiquitous, such effects are so weak that they haven't been experimentally demonstrated yet. Using a high-finesse optical cavity and a classical intensity noise, we have demonstrated radiation-pressure induced correlations between two optical beams sent into the same moving mirror cavity. Our scheme can be extended down to the quantum level and has applications both in high-sensitivity measurements and in quantum optics.
I. INTRODUCTION
In quantum mechanics, the measurement is responsible for a back action on the measured system, which limits the sensitivity of the measurement. In particular, interferometric measurements are subjects to such limits: the optomechanical coupling, the radiation-pressure coupling between the mirrors of the interferometer and an incident light field causes a displacement of the mirrors. This additional noise, due to the quantum nature of light, implies the existence of a quantum limit for the sensitivity of the measurement, which has never been observed. These effects also produce correlations between the intensity of light and the mirror motion, which could be fruitful in quantum optics. To observe the correlations responsible for the quantum nonlinear behaviour of optomechanical coupling, two beams have to be sent upon the moving mirror: the intensity fluctuations of the first, intense, signal beam are imprinted onto the mirror motion by radiation pressure, whereas the resulting position fluctuations are monitored through the phase of the second, weaker, meter beam. As the intensity fluctuations of the signal beam are unaltered by reflection upon the mirror and as far as the radiation pressure of the meter beam is negligible, the intensity-phase correlations observable between the two reflected beams provide a direct measurement of the optomechanical correlations.
We present in this paper an experiment devoted to the observation of quantum effects of radiation pressure and to the test of quantum-noise reduction schemes. Our experimental setup is based on a high-finesse Fabry-Perot cavity used to monitor the small displacements of a mirror (see Fig. 1 ). The experiment already achieved a sufficient sensitivity to analyze the internal thermal noise of the mirror at room temperature and to fully characterize optomechanical properties of its internal vibration modes. Recent progress in the experimental setup and the development of a dual optical injection system allowed us to demonstrate optomechanical correlations measured close to the quantum level. 
II. OPTOMECHANICAL CORRELATIONS
To monitor radiation pressure effects down to the quantum level, one has to enhance them as far as possible so they become dominant compared to the classical sources of noise. Assuming that the main contribution to the classical noise is thermal, the ratio between the radiation pressure noise and the classical noise can be written, for a harmonic oscillator of mass M , resonance frequency Ω M /2π, and mechanical quality factor Q:
where T is the environment temperature, F the cavity finesse, λ the optical wavelength, and P in the incident intensity of the signal beam. To reach a ratio (1) as large as possible, we favor the optical characteristics and use a fused silica plano-convex moving mirror, which provides both a very high optical finesse [1] and quality factor [2] , at the expense of a larger mass. The optomechanical correlations have then been measured with a tiny classical intensity modulation of the signal beam (see Fig. 1 ) that mimics at a higher level its quantum fluctuations [1, 3] . In this paper, we work with the following optomechanical characteristics, deduced from the thermal noise spectrum at room temperature: Ω M /2π = 1.125 MHz, M = 500 mg, Q = 500 000.
The results reported below (see Fig. 2 ) demonstrate optomechanical correlations between the mirror motion, proportional to the phase fluctuations δϕ out m (t) of the meter beam that are measured thanks to a homodyne detection (see Fig. 1 ) and the intensity fluctuations δI 
On figure 2, one can see that the trajectories in phase-space of both the reflected meter beam phase and the reflected signal beam intensity are very similar, which show high correlations, the small differences being due to the thermal noise which partly drives the mirror motion.
We also went further by applying a classical modulation at a level smaller than the thermal noise: by averaging the correlation in time, we have been able to extract the contribution due to the radiation pressure effects. We are currently following this way to demonstrate quantum radiation pressure effects.
